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TITLE 

DIGITAL ADJUSTABLE CH IP OSCILLATOR 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates in general to an 

oscillator, and more specifically to a digital adjustable 

chip oscillator. 

Description of the Related Art 

in wireless communication systems, there is a necessity 

for the phase-lock loop circuit to synchronize with signals 
from other circuits. In general, the phase-lock loop 
circuit needs a quartz oscillator serving as an oscillation 
source. Under development of the integrated circuits 
technology, it is feasible to lower the cost by integrating 
external components into a chip and decrease the number of 
external pins needed. Therefore, there is a necessity to 
provide a digital adjustable chip oscillator having digital 
tuning function, self -test systems, and power save modes. 
SUMMARY OF THE INVENTION 

The present invention provides a digital adjustable 
chip oscillator comprising a voltage control oscillator 
generating an oscillation signal, receiving a control 
voltage to' adjust the frequency of the oscillation signal, 
and receiving an operating voltage to stabilize the 
i frequency of the oscillation signal, a reference voltage 
circuit generating a reference voltage, a voltage regulation 
circuit receiving the reference voltage and generating the 
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operating voltage, a digital tuning eircuit reoeiving a 
digital eode to adjust the control voltage and receiving the 
operating voltage to stabilize the control voltage, a 
frequency detector receiving the oscillation signal, a first 
reference signal with a first frequency, and a second 
reference signal with a second frequency, wherein when the 
frequency of the oscillation signal lies between the frrst 
frequency and the second frequency, the frequency detector 
outputs a high voltage comparison signal, otherwise the 
frequency detector outputs a low voltage comparison signal, 
a programmable counter receiving a clock signal to trigger 
the counting and generating the digital code, a programmable 
controller receiving the high voltage comparison signal to 
generate an enable signal directing the frequency detector 
to hold the high voltage comparison signal and directing the 
programmable counter to stop counting and held the digital 
code, and a programmable memory receiving the enable signal 
to record the digital code. 

The present invention provides another digital 
adjustable chip oscillator comprising: a voltage control 
oscillator generating an oscillation signal and receiving a 
control voltage to control the frequency of the oscillation 
signal, a f requency-to-vcltage converter receiving the 
oscillation signal and generating a loop voltage according 
to an operating voltage and a first voltage, an active 
comparison filter receiving the loop voltage, receiving a 
second voltage, and generating the control voltage, and a 
first programmable controller receiving a first digital 
code, receiving the operating voltage, and generating the 
D second voltage. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following detailed description, given by way of 
example and not intended to limit the invention solely to 
the embodiments described herein, will best be understood m 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a block diagram illustrating the digital 
adjustable chip oscillator in the first embodiment; 

FIG. 2 is a schematic diagram illustrating the circuit 
of the voltage control oscillator 10; 

FIG.- 3 is a graph illustrating the voltage- to- time wave 
of the voltage control oscillator 10; 

PIG. 4 is a schematic diagram illustrating the circuit 
of the digital adjustable chip oscillator; 

PIG. 5A is a schematic diagram illustrating the switch 
capacitance voltage control oscillator 10; 

FIG. 5B is a schematic diagram illustrating the switch 
resistance voltage control oscillator 10; 

FIG. 6 is a schematic diagram illustrating the digital 

tuning circuit 80a; 

FIG. 7 is a schematic diagram illustrating the circuit 
of the digital-code-to-sign-code decoder 126; 

FIG. 8 is a graph illustrating the test results of the 
voltage control oscillator 10 when the voltage source 
varies; 

5 FIG. 9 is a graph illustrating the test results of the 

voltage control oscillator 10 when the digital code varies; 

FIG. 10 is a schematic diagram illustrating the digital 
tuning circuit 8 0b; 
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FIG . » is a schematic diagram illustrate the voltage 

regulation circuit 70; 

FJG . 12 ls a schematic diagram illustrating the 

reference voltage circuit 75 ; 

„0. 13 is a schematic diagram illustrating the circuit 

of the prescaler 85; H-io-ii-al 
FIG !4 is a block diagram illustrating the digital 
adjustable chip oscillator and the built-in self-test 

0 SYStem F io. 15 is a flowchart illustrating the self-test 

""is. IS is a schematic diagram illustrating the circuit 
of the frequency detector 20; 

FIG . 17 is a schematic diagram illustrating the circuit 

L5 of the D-type flip-flop (DFF) ; 

FIG . 18A is a schematic diagram illustrating the switch 

capacitance circuit of resistors; 

FIG . 18B is a schematic diagram illustrating the switch 
capacitance circuit of low-pass filters; 

,IO. 19 13 a schematic diagram illustrating the circuit 

of the comparator; 

FIG . 20A-20C are graphs illustrating the voltage-to- 
time wave of the frequency detector 20; 

HO. 21 is a schematic diagram illustrating the Circuit 
25 of the programmable counter 60; 

FIG . 22 is a graph illustrating the wave of the 

programmable counter 60; 

FIG . 23 is a schematic diagram illustrating the 

programmable fuse 55; 



4 



, /2003-10-14 

5ii:";;«*«i3../«n.i 

FIG. 24 is a structural diagram illustrating the poly- 

silicon fuse (P02) ; 

FIG. 25-29 are structural diagrams illustrating the 

programmable .gate writer 50; 

FIG 30 is a block diagram illustrating the chrp 
oscillator with loop circuits 200 in the second embodiment; 

FIG. 31A is a schematic block diagram illustrating the 
frequency-to-voltage converter 110; 

FIG. 31B is a schematic diagram illustrating the 
circuit o£ the frequency-to-voltage converter 110; 

FIG. 32 is a graph illustrating the f requency-to- 
voltage wave of the frequency-to-voltage converter 110; 

FIG . 33 is a graph illustrating the wave of the delay 
circuit 160; 

FIG. 34 is a schematic diagram illustrating the delay 
circuit 160; 

FIG. 35 is a schematic diagram illustrating the circuit 
of the second programmable controller 172; 

FIG. 36 is a schematic diagram illustrating the circuit 
0 of the active comparison filter 120; 

FIG. 37 is a schematic diagram illustrating the circuit 
of the voltage limiter 130; 

FIG. 38A is a schematic diagram illustrating the 

voltage control oscillator 140; 

FIG. 38B is a schematic diagram illustrating the 
circuit of the differential delay unit 260; 

FIG. 39 is a schematic diagram illustrating the circuit 
of the differential single-end converter 142; 

FIG. 40 is a schematic diagram illustrating the circuit 
30 of the first programmable controller 170; 
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PIG . 41 is a graph illustrating the test results of the 
vol tage control oscillator 1,0 when the digital CO* = va, - 

FIG . 42 is a graph illustrating the test results of 
vo ltage control oscillator 140 when the voltage source 

varies; and . _ 

PIG . 43 is a graph Illustrating the frequency shift 

caused by the chip. 

DETAILED DESCRIPTION OF THE INVENTION 

Th e following detailed description, given by way of 
example and not intended to li.it the invention solely to 
1 events described herein, will best be understood in 
conjunction with the accompanying drawings, in which: 
The first -emb odiment 

FIG ! ls a block diagram illustrating the digital 

5 adjustable chip oscillator in the first embodiment As 
shown in ™. 1, -Sital adjustable chip oscil to 

comprises a voltage control oscillator 10 a voltage 
regulation circuit 70, a reference voltage circurt 75. 
lital tuning circuit SO, and a prescaler SB. The voltage 
.0 control oscillator is a relaxation oscillator. 

PIG 2 is a schematic diagram illustrating the crrcurt 
o£ th e voltage control oscillator 10. The -nsistors Ml 
and M2 form a positive loop circuit to provrde 
switch. Ml and M2 conduct currents mutually to cut off the 
•4- 4„ h a if oeriod. The capacitance C ot 
25 positive loop circuit m half period 

the capacitor CI is used to control the discharge time^ 
The resistances » of the resistors HI and *2 are used to 
control the amplitudes of the oscillation signals Voutl and 
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Vout2 . The 



currents ID o£ the transistors M3 and M4 are 
adjustable . 

FIG . 3 is a graph illustrating the voltage-to-trme wave 
of the voltage control oscillator 10. In state r. the 
transistor Ml is turned off and the transistor M2 is turn 
on . The voltage of the oscillation signal Voutl is Vddx, 
th e current of the capacitor CI is the current ID of the 
transistor M3, so that the current of the transistor « » 
2ID the sum of the current of the capacitor CI and the 
current of the transistor M4 . Therefore the voltage of the 
oscillation signal vout2 is Vddx-2ID R . If 2IDK is smaller 
than the threshold voltage Vth of the transistor M2. M2 wrll 
w orK in the saturation area. The voltage of node V rs 
Y -V -V -42ljK wherein K is the conductance parameter of 
tn e transistor M2 . The discharging velocity of node VX rs 
2ID/C . When the voltage VX lowers to the value 

v 2I R-V in other words when the gate-to-source voltage 
d :«er D ence of the transistor Ml reaches the threshold 
voltage, Ml will be turned on rapidly, the oscillat.cn 
2 „ signal voutl will be lowered, the transistor M2 will be 
turned off, and then the voltage control oscillator 10 wrll 
„or* in state ii. The voltage control oscillator 10 wor.s 
in state ii in a similar but symmetric way compared to state 
i. Derived from FIG. 3, the oscillation period T rs 
-J2I D IK+I D R (1), 

» s r = VC 

and the oscillation frequency f is 

_1_ ' (2). 

1 T c(2R-plKI D ) 
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Thus the oscillation frequency f can be adjusted by the 
.esistance Rl. the resistance R2, the capacitance CI, and 
the current ID. The voltage Vin is input into the gates of 
the transistors M3 and M4 to control the current ID. 

HO 4 is a schematic diagram illustrating the circurt 
of the digital adjustable chip oscillator. The output 
buffer 12 comprising a buffer and a double-end-to-single-end 
converter converts the oscillation signals Voutl and Vout2 
to a single-end voltage large enough to drive the prescaler 
and other logic circuits, isolates the voltage control 
oscillator 10 with other circuits, provides enough power to 
the next-stage circuits, and avoids affecting the normal 
operation of the voltage control oscillator 10. As shown rn 
FI0 4 the gate of the transistor M7 receives a power save 
1S signal PWD, turns off the transistor M6, and therefore turns 
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off the voltage control oscillator 10. The voltage 
r egulation circuit 70 provides a stable operating voltage 
Vddx without effects of temperature and voltage source. The 
stable operating voltage Vddx is used as the bias of the 
voltage control oscillator 10 to stabilize the oscillation 
frequency. 

PIO SA is a schematic diagram illustrating the switch 
capacitance voltage control oscillator 10. The switches 
SWCl-SWCn are used to adjust the coupling capacitance of the 
capacitor CI in FIG. 2 and control the oscillation 
frequency. 

HO 5B is a schematic diagram illustrating the swrtch 
resistance voltage control oscillator 10. The switches 
SWR1 -SWRn are used to adjust the resistances of the 
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res istors 1 ana M in TO . 3 ana control the 

T'. i. a schematic diagra. illustrating * . ^ 

t nning circuit soa. «. output en, VB» J. £ 

control — vin of - — — ; u t " - ^ 

current of the cran , the voltage 

:;r— - 

M , and M4 of the voltage control oscillator 
tra nsrstors M3 ana M ^ ^ ^ 

and therefore ^ * 

voltage control oscillator ^ 
80 „or kS as a digital-to-analog ^^'^ vref 
of the negative loop operate o «- - ^ 
and the differential amplifier transist or 
cir cuit SO directs the reference current of h 
M102 he vref /R . m cooperation . t ^ - ^ ^ 

oomprising the transistor s »02 -103 • ^ 
tuning circuit SO proportions «-«~ ^ 
, VBN to the reference current. « ^ 

M112 , ana M113 «ork together as a charge 

ft ID 4IP, 2Ip, and IP coupled to the 
orovide charge currents 8Ip, 4J-P. f 

Lput end VB N h Y connection of ^ ^ 
«. and MB3. ,he digital codes BO, - ^ ° 

i^t- the corresponding bits of the charg 
>5 to select the cun * MHO, 
Th e operating voltages of the transis tors „ 10 > , 
«U, M113, and M114 are provided by the P 

voltage Vdd* of the -age ^ ^ ^ of the 
3Q —^"rrt: output end voltages of 
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the digit,! tuning circuit BO and further stabilize the 
osciliation frequency of the volta g e control oscillator 10. 
The transistors M120. M121, M122, and M123 worK together as 
. discharge current mirror to provide discharge currents 
em «». 2In. and In coupled to the output end VBN by 
connection of switch transistors MAO. MAI. , -d ^ 

Th e digital codes AO, Al, A2 , and A3 are used to select the 
corresponding bits of the discharge currents. The 
tr ansistor M10 increases the output current by adjusting 
si g n codes B3.B2.Bi, and BO. The transistor M10 decreases 
the output current by adjusting the sign codes A3, A2 . Al, 

and AO . ... 

PIG , is a schematic diagram illustrating the crrcurt 
o£ the digital-code-to-sign-code decoder 12, . The decoder 
126 converts the digrtal codes D4, D3, D2, Dl, and DO to the 
sig n codes B3 , B2, Bl, BO, A3, A2 , A3, and AO. By way of 
DR C current mode, the digital tuning circuit 80 adjusts the 
control voltage of the voltage control oscillator 10. The 
operating voltage of the digital tuning circuit SO rs 
20 provided by the voltage regulation circuit 70, so that the 
control voltage of the voltage control oscillator 10 rs 
stable and linear. The oscillation frequency shift caused 
by the manufacturing process can be compensated to 
percentage of frequency error by the digital tuning circurt 

FIG 8 is a graph illustrating the test results of the 
voltage control oscillator 10 when the voltage source 
varies. As shown in FIG. 8, when the digital code rs -15 
0 or 15, the oscillation frequency of the voltage control 
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oscillator 10 is almost unaffected by the voltage source 



Vdd 



PIG 9 is a graph illustrating the test results of the 
voltage control oscillator 10 when the digital cod< = varied 

FIG l0 is a schematic diagram Illustrating the digital 
t unlng circuit 80b. The function of the digital tuning 
circ uit SOh is similar to that of the digital tuning circuit 
Boa in FIG . 6 except that the digital codes AS. A*, A3, A2 
A1 , and AO used to adjust the output currents can he 
operated in only single direction. In other words, the 
output currents can only he increased hy adjusting h 

tuning circuits 80a and SOh can he applied to the first 

embodiment herein. , „„„ 

FIG 11 is a schematic diagram illustrating the voltage 
.egulation circuit 70. The voltage regulation circuit 70 
pr ovides a stable voltage without effects of temperature and 
voltage source Vdd. The stable voltage is provided to both 
ch e voltage control oscillator 10 and the digital tuning 
circuit SO. The voltage regulation circuit 70 comprises an 
operational transconductance amplifier 82, a transistor »8. 
and a loop circuit. The loop circuit comprises a loop 
.esistor R3, a loop resistor R4, a compensation resistor Rz, 
and a compensation capacitor Cc. The loop circuit detects 
t „e output current of the transistor MS and outputs the loop 
voltage to the operational transconductance amplifier 82. 
In oooperation with the reference voltage Vref and the loop 
circuit, the voltage regulation circuit 70 stabilizes the 
output end voltage coupled to the voltage source Vddx of the 
3„ voltage control oscillator 10. The transistor M8 is a PMOS 
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transistor, so that the highest voltage range of the output 
voltage Vddx can be higher. 

F1G 12 is a schematic diagram illustratrng the 
re£ erenoe voltage oircuit 75. The reference voltage circuit 
75 is a bandgap reference voltage circuit. The reference 
voltage circuit ,S provides a stable reference voltage Vre 
without effects of temperature and voltage source Vdd. The 
effects of the temperature can be lowered mainly because of 
tha characteristics of the negative temperature parameter of 
the ba se-emitter interface voltage V E B of the B.T 01 and the 
characteristics of the positive temperature parameter of 
A* When the BJT Ql and Q2 operate in different current 

Cities of bias, the amplifier B3 detects the voltage 
oifference ^ and gets fixed voltage k T/ q ln ( R3/ R l> wrth 
positive temperature parameter. The current density of bras 
can be decided by the ratio of resistances ,3 to HI. By the 
ra tio of resistances R3 to R2 , the amplifier S3 decides the 
£ix ed voltage enlargement factor of the positive temperature 
parameter used to balance the negative temperature parameter 
o£ the base-emitter interface voltage of the B,T Ql, thereby 
staining a reference voltage Vref . The reference voltage 
vre£ ,V + <R3/R2„cT/gln(R3/Rl>. The currents flowrng through 
the resistors Rl and R3 are the same, so that the base areas 
R1 and A 2 of the transistors Ql and Q2 are in an inverse 
pr oportion to the current densities of Ql and Q2 . The ratio 
to A2 (A1.A2) is usually designed to be 
of base areas Al to W'"' 

! 3 1-8 1-15, 1:24, or others wherein the sum of the 
_tor and the denominator in each case is the sguare of 
a natural number. By this design method, the layout wrll 
mo re symmetric. The bias circuit B3A provides the bias to 
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the amplifier S3 to cut off the source in t h e power save 
m ode wherein the gates of the BMOS transistor M100 and the 
HMOS transistor M102 are ooupled to a power save signal PWD. 

FIG 13 is a sohematio diagram illustrating the circurt 
of the presoaler 85 . The prescaler S5 comprises a division- 
by . 4 or -5 circuit and the prescaler circuit having three D- 
type flip-flops (DFF) . The prescaler controls the prescaler 
parameter by selecting modes. 

FIG 14 is a block diagram illustrating the drgrtal 
adjustable chip oscillator and the built-in self-test 
system. The built-in self-test circuit is used to 

automatically adjust the frequency to meet the requrrement^ 
Th e built-in self-test system comprises a voltage control 
oscillator 10, a frequency detector 20. a frequency 
generator 65, a programmable controller 40, a programmable 
gate writer 50, a programmable fuse 55, and a programmable 
counter 60. Both the programmable gate writer 50 and the 
programmable fuse 55 can be used as the programmable 
.emeries herein. Both the programmable gate writer 50 and 
the programmable fuse 55 can write, read, and load the 
digital code to the frequency detector 20. The frequency 
detector 20 can select the desired frequency automatically 
by the signals from the controller. 

PIG 15 is a flowchart illustrating the self-test 
25 system. in step 811. the micro-controller instructs the 
programmable counter 60 to generate a series of drgrtal 
codes to the digital tuning circuit 30, and the voltage 
control oscillator 10 generates the corresponding 
f requencies. In step 312, the prescaler S5 calculates he 
30 oscillation frequency of the voltage control oscillator 10. 
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m step S13, the frequency generator 66 generates two 
reference frequencies, respectively Frefl and Fref2. In 
step S14, the frequency detector 20 compares the oscillatron 
frequency of the voltage control oscillator 10 with Frefl 
and Fre£2 generated by the frequency generator. When the 
oscillation frequency lies between the preset reference 
frequencies Frefl and Fref2, the frequency detector 20 .ill 
output a high voltage comparison signal, otherwise the 
frequency detector 20 will output a low voltage comparison 
signal In step S15, the programmable controller 40 

rsceives the high voltage comparison signal of the frequency 
detector 20 and sends a stop signal to the frequency 
generator and the programmable counter 60. Therefore, the 
programmable counter 60 holds the digital code and sends an 
enable signal to both the programmable gate writer 50 and 
the programmable fuse 55. Furthermore, the programmable 
gate writer 50 and the programmable fuse 55 will execute the 
writing operation and load the digital code to the digrtal 
tuning circuit 80. In step S16, the programmable controller 
,0 sends a reset signal notifying the controller to recount. 
Additionally, in step Sll, when the programmabie controller 
40 receives the low voltage of the frequency detector 20, 
the programmable counter 60 will continue counting and 
generate the next digital code. Therefore, the voltage 
control oscillator 10 will generate the next oscillation 
frequency until the oscillation frequency is in the range of 
the reference frequency. 

FIG 16 is a schematic diagram illustrating the circuit 
of the frequency detector 20. The frequency detector 20 
„ comprises phase- frequency detectors 21 and 22, low-pass 
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filters 23 and 24, comparators 25 and 26, and an exclusive 
ga te 27 The frequency detector 20 receives three input 
signals, a first reference signal having the first reference 
frequency Fr.fl. a second reference signal having the second 
reference frequency Fref2, and the test signal. The test 
signal is the oscillation signal of the voltage control 
oscillator, and it has the frequency Fsig. The low-pass 
filters 23 and 24 are used to detect the dc components of 
the output signals of the phase-frequency detectors 21 and 
22 respectively. By this method, relationships between the 
frequency of the test signal, the first reference frequency, 
and the second reference frequency can be decided. The 
phase-frequency detector 21 comprises a D-type flip-flop 
DFF1 a D-type flip-flop DFF2, and an AND-gate AUDI. 

FIG 17 is a schematic diagram illustrating the crrcurt 
of the D-type flip-flop (DFF) . When the frequency Fref 1 is 
higher than the frequency Fsig, Ql will have the main dc 
component,- on the contrary, when the frequency Frefl rs 
lower than the frequency Fsig, Q2 will have the main dc 
component. Similarly, when the frequency Fre£2 is higher 
than the frequency Fsig, Q4 will have the main dc component; 
on the contrary, when the frequency Fref2 is lower than the 
frequency Fsig, Q3 will have the main dc component. 

FIG 18A is a schematic diagram illustrating the switch 
3 capacitance circuit of resistors. FIG. IBB is a schematic 
diagram illustrating the switch capacitance circuit of low- 
pass filters. By controlling the clock signals PHI and PH2 
in FIG. 16, the capacitors C21, C22 and the transistors M21, 
„22 constitute the switch capacitance low-pass filter 21 
„ wherein the capacitor C21, the transistor M21. and the 
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transistor M22 constitute an effective resistor. The 
effective resistance R = 1/ (C21fc) . The 3dB bandwidth of 
the low-pass filter w3dB = 1/RC22 = f(C2l/C22). When 
operating the frequency detector 20, the frequencies fc of 
the clock signals PHI and PH2 should satisfy the following 
condition: fc >> w3dB. The low-pass filter 23 integrates 
the detection signals Ql and Q2 and outputs a dc voltage 
level. The comparator 2 5 receives the dc voltage level and 
outputs a comparison signal having a logic level. The logic 
level represents the magnitude relationship of the 
oscillation frequency Fsig and the reference frequency 
Fref 1 . 

FIG. 19 is a schematic diagram illustrating the circuit 
of the comparator. The phase- frequency detector 22, the 
low-pass filter 24, and the comparator 26 generate the 
comparison signal of the reference frequency Fref2 and the 
oscillation frequency Fsig. The comparison signals of the 
comparators 25 and 26 are input into the exclusive gate 27. 
When the oscillation frequency Fsig lies between the 
reference frequency Frefl and the reference frequency Fref 2, 
the exclusive gate 27 will output 1, such that the 
oscillation frequency Fsig meets the requirement. 
Otherwise, the exclusive gate 2 7 will output 0, wherein the 
oscillation frequency Fsig does not meet the requirement. 

FIG. 20A-20C are graphs illustrating the voltage-to- 
time wave of the frequency detector 20. As shown in FIG. 
2 OA, when the oscillation frequency Fsig is lower than both 
the reference frequencies Frefl and Fref 2, the output end 
OUT1 of the comparator 25 is low-level, the output end OUT2 
of the comparator 26 is low-level, and the output end OUT of 
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the exclusive gate 27 is low-level. As shown in FIG. 20B, 
when the oscillation frequency Fsig is higher than both the 
reference frequencies Frefl and Fref2, the output end OUT1 
of the comparator 2 5 is high-level, the output end 0UT2 of 
the comparator 26 is high-level, and the output end OUT of 
the exclusive gate 27 is low-level. As shown in FIG. 20C, 
when the oscillation frequency Fsig lies between the 
reference frequencies Frefl and Fref2, the output end OUT1 
of the comparator 25 is high-level, the output end 0UT2 of 
the comparator 26 is low-level, and the output end OUT of 
the exclusive gate 27 is high-level. 

FIG. 21 is a schematic diagram illustrating the circuit 
of the programmable counter 60. The programmable counter 
comprises an asynchronous counter having positive edge 
trigger D-type flip-flops (DFF) . The QB of each flip-flop 
is looped to D of each flip-flop. The Q of each flip-flop 
is input into CK of the flip-flop at the next stage. The 
reference operating frequency REFCLK should be lower than 
the output frequency of the voltage control oscillator 10, 
so that the self-test system will have enough time to finish 
the whole operation before the next digital code is 
generated. 

FIG. 22 is a graph illustrating the wave of the 
programmable counter 60. The outputs C0-C6 of the 

programmable counter 6 0 are used to change the digital codes 
of the digital tuning circuit 80 and sweep the frequency of 
the digital adjustable chip oscillator 12. The main object 
of the programmable controller 40 is to control the writing 
operation. The frequency detector 2 0 detects the frequency 
of the digital adjustable chip oscillator 12. When the 
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frequency of the digital adjustable chip oscillator 12 lies 
between the two reference frequencies, the programmable 
controller 40 will send a stop signal to the programmable 
counter 60. Therefore, the programmable counter 60 will 
stop the operation, the output of the programmable counter 
60 will be fixed at a digital code, and the programmable 
gate writer 50 and the programmable fuse 55 will be allowed 
to perform the writing operation. At the same time, the 
programmable controller 40 will send a reset signal 
notifying the controller to recount. 

FIG. 23 is a schematic diagram illustrating the 
programmable fuse 55. As shown in FIG. 23, the programmable 
fuse 55 comprises a plurality of decoders (DR) and a 
plurality of poly-silicon fuses (P02) . 

FIG. 24 is a structural diagram illustrating the poly- 
silicon fuse (PQ2). The fuse PQ2 uses a layer of poly- 
silicon or a layer of metal. The layers are 1 to 5 times 
the size of the unit square of material used. If 5 to 15 
volts of the conductance dc voltage are input into the poly- 
silicon fuse, the poly-silicon fuse will burn out. By this 
characteristic, the poly- silicon fuse achieves the writing 
operation. As well as the poly-silicon fuse, the 

programmable gate writer 50 can also perform the writing 
operation. Compared with the poly-silicon fuse, the 

, programmable gate writer 50 works like an electrical 
erasable programmable read-only memory (EE PROM) . 

FIG. 25-29 are structural diagrams illustrating the 
circuit of the programmable gate writer 50. The 
programmable gate writer 50 can be manufactured using the 
D standard CMOS manufacturing process. FIG. 25 shows the F/N 
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tunneling floating gate transistor. The gate of the PMOS 
transistor Ml and the gate of the NMOS transistor M2 are 
coupled together to form a floating gate. The drain and the 
source of the PMOS transistor Ml are coupled together to 
form a capacitor. The drain and the source of the NMOS 
transistor M2 are coupled together to form a capacitor. To 
satisfy the conditions of Fowler-Nordheim tunneling, the 
ratio of the gate capacitance CGP of the PMOS transistor Ml 
to the gate capacitance CGN of the NMOS transistor M2 should 
be larger than 3. FIG. 26 shows the hot electron floating 
gate transistor. To satisfy the conditions of hot electrons 
in the NMOS tunnel, the ratio of the gate capacitance CGP of 
the PMOS transistor Ml to the gate capacitance CGN of the 
NMOS transistor M2 should be smaller than 3. FIG. 27 shows 
the floating gate transistor performing access. FIG. 28 
shows the F/N tunneling floating gate transistor performing 
deletion. FIG. 29 shows the hot electron floating gate 
transistor performing deletion. Additionally, the 

advantages of the standard CMOS manufacturing process are as 
follows: (1) the circuit area can be decreased; (2) the 
power consumption of the circuit can be decreased; (3) the 
record of the writing operation can be read; (4) the record 
of the writing operation can be written; (5) the record of 
the writing operation can be deleted; and (6) the circuit 
can be integrated into other commonly used digital CMOS 
circuits . 

The second embodiment 

FIG. 30 is a block diagram illustrating the chip 
oscillator with loop circuits 200 in the second embodiment. 
The chip oscillator with loop circuits 200 has a loop 
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control circuit comprising a frequency-to-voltage converter 
110, an active comparison filter 120, a voltage limiter 130, 
a voltage control oscillator 140, a buffer 142, a prescaler 
150, a delay circuit 160, a first programmable controller 
17 0, a second programmable controller 17 0, a voltage 
regulation circuit 180, and a reference voltage circuit 182. 
The frequency-to-voltage converter 110 converts the 
frequency of the oscillation signal of the voltage control 
oscillator 140 to a loop voltage Vfed. Using the negative 
loop circuit, the loop voltage Vfed follows the reference 
voltage Vreg. Therefore the output frequency fout is 
controlled by the reference voltage. When the loop circuit 
is stable, the output frequency 

fout=N*Vreg/Kfvc (D ■ 

And the reference voltage Vref can be changed by the 
programmable tuning circuit 170. N is the prescaler 
parameter of the prescaler 150. Kfvc is the conversion gain 
of the frequency-to-voltage converter 110. The lock time of 
the chip oscillator with loop circuits herein is very short 
compared to the frequency synthesizer of the phase-lock loop 
circuit. The frequency synthesizer of the phase -lock loop 
circuit compares the output frequency of the loop circuit 
with the reference frequency and compares the output phase 
of the loop circuit with the reference phase. 

FIG. 31A is a schematic block diagram illustrating the 
frequency-to-voltage converter 110. FIG. 31B is a schematic 
diagram illustrating the circuit of the frequency- to- volt age 
converter 110. The frequency-to-voltage converter 110 
comprises: capacitors CI, C2 , and C3 ; a reversed-phase 
. amplifier 210; switches SI, S2, and S3; a voltage source 
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Vddx; and a voltage control current source 212. The 
frequency- to- voltage converter 110 is mainly adjusted by 
controlling the electric charge distribution of the switch 
capacitance and the frequency of the input signal of the 
switch. 

FIG. 32 is a graph illustrating the frequency-to- 
voltage wave of the frequency- to- volt age converter 110. The 
output voltage Vg5 of the integrator controls the discharge 
balance current gmVg. The transconductance gm is decided by 
the ratio of the transistor M5 to the current mirrors M7 and 
MB, which is K = (W/L)7/(W/L)8. In the temporal phase Tl, 
the switch SI turns on and the capacitor CI charges to Vddx. 
in the temporal phase T2 , the switches S2 and S3 turn on, 
the capacitors CI and C2 couple with the virtual shortcut 
voltage Vref , and the loss electric charges of the capacitor 
CI flow into the capacitors C2 and C3 wherein the loss 
electric charges Q = CI (Vddx-Vref ) . In stable state, the 
electric charges flowing into the capacitor C3 are 0, so the 
whole electric charges flow into the capacitor C2 . Also, in 
stable state, the electric charges in the capacitor C2 are 
electrically balanced. From Q = I7*T1, 

17 = CI* (Vddx-Vref ) /Tl (2). 
The output voltage Vout is directly proportional to the 
output current lout, and the output current lout is directly 
proportional to the currents of the transistors M5 and M7 . 
Therefore, 

Vout = K*R*C1 (Vref-Vg) f 1 ( 3 >- 
Fl = 1/T1 

To be operated under a low voltage, the transmission 
) gates of the transistors M9 to M10, Mil to M12, and M13 to 
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M14 are used as switches to lower the impedance and increase 
the conductance voltage range. To be fully charged and 
discharged, the input signals of the frequency- to- voltage 
converter 110 should satisfy the condition that the period 
of the temporal phase Tl is much larger than the period of 
the temporal phase 12 . 

FIG. 33 is a graph illustrating the wave of the delay 
circuit 160. The delay circuit 160 performs the conversion 
of the operating period of the oscillation signal. 

FIG. 34 is a schematic diagram illustrating the delay 
circuit 160. From the above equation (3), the output 
voltage is directly proportional to the operating frequency. 
The operating voltage Vddx and the virtual shortcut voltage 
Vref are both fixed voltage without effects of the operating 
voltage and the manufacturing process. Therefore, the 
conversion characteristic of the frequency- to- voltage 
converter 110 is nearly linear. 

FIG. 35 is a schematic diagram illustrating the circuit 
of the second programmable controller 172. The second 
programmable controller 172 comprises a plurality of current 
mirrors and a plurality of switches wherein the gates of the 
plurality of current mirrors are coupled to the gate of the 
transistor M5 or M8 of the frequency- to- voltage converter 
110. Therefore, the current generated by each current 
mirror is a multiple of the balance current of the 
transistor M7 wherein the multiplication factor corresponds 
to the bit of the digital code. The plurality of switches 
coupled to the output ends of the correspondent plurality of 
current mirrors and the output ends of the f requency- to- 
) voltage converter 110 receive the digital code to select the 
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plurality of current mirrors, adjust K in the equation (3), 
and adjust Kfvc in' the equation (1). The second 

programmable tuner 172 can be used as a fine-tuner in the 
digital adjustable chip oscillator. 

FIG. 36 is a schematic diagram illustrating the circuit 
of the active comparison filter 120. The active comparison 
filter 120 comprises an operational amplifier 240, resistors 
Rl and R2, and capacitors CI and C2 . The active comparison 
filter 120 is a proportional integral filter used to compare 
the loop voltage Vfed of the frequency-to-voltage converter 
110 with the reference voltage Vref and stabilize the loop 
circuit. The shift of the operational amplifier 240 can be 
compensated by the reference voltage adjusted by the 
programmable tuning circuit 170. The resistor R2 , the 
capacitor CI, and the capacitor C2 constitute a filter used 
to filter the switch noise of the frequency- to- voltage 
converter 110, provide the voltage control oscillator 140 
with a pure dc control voltage, and maintain the stability 
of the loop circuit. Using the active comparison filter 
12 0, the tuning range of the input voltage of the voltage 
control oscillator 140 can be increased. The output of the 
active comparison filter 120 is an analog voltage signal, so 
there is a possibility that the output voltage is lower than 
the lowest control voltage of the voltage control oscillator 
140. In such situation, the voltage control oscillator 140 
will stop oscillating. 

FIG. 37 is a schematic diagram illustrating the circuit 
of the voltage limiter 130. The voltage limiter 130 
converts the output low voltage or the output high voltage 
of the active comparison filter 120 to a voltage in the 
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tuning range of the voltage control oscillator 140. For 
example, when the reference voltage Vref is higher than the 
loop voltage Vfed and the active comparison filter 12 0 
outputs a low voltage, the voltage limiter 13 0 will convert 
the low voltage to the desired input voltage of the voltage 
control oscillator 14 0. Therefore, the voltage control 
oscillator 140 can adjust the input voltage and oscillate 
according to it. In this way, it is easier to have the 
desired high-precision output frequency. 

FIG. 3 8A is a schematic diagram illustrating the 
voltage control oscillator 140. The voltage control 
oscillator 140 comprises a ring oscillator having 4-stage 
differential delay units. 

FIG. 38B is a schematic diagram illustrating the 
circuit of the differential delay unit 260. The delay time 
of the differential delay unit 260 is controlled by the bias 
current of the transistor Ml, in other words, the 
oscillation frequency of the voltage control oscillator 140 
is controlled by the bias current of the transistor Ml. The 
oscillation frequency f osc = 1/(2 Nt d ) = I SS I 2 NC L V SW wherein CL is 
the load capacitance (parasitical capacitance) of each 
differential delay unit 260. The control voltage Vent 

decides the current ISS of the transistor Ml and also 
controls the oscillation frequency. The oscillation 

amplitude VSW of the differential delay unit 260 is decided 
and limited by the bias Vb generated by the replica circuit 
(not shown in the drawings) of the differential delay unit 
and a negative loop circuit (not shown in drawings) . The 
differential delay unit transistors M6 , M7 , M8, and M9 
constitute the symmetric load having the symmetric current - 
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to-voltage conversion characteristics and avoiding the 
common mode noise well. The cross coupling transistors M4 
and M5 can increase the symmetry of load and decrease the 
noise of phase. The sources of the load transistors M4 . M5 , 
M6, M7, and M8 are coupled to the stable operating voltage 
Vddx. Therefore, the oscillation frequency of the voltage 
control oscillator 140 is more stable and will not affected 
by the voltage source 

FIG. 39 is a schematic diagram illustrating the circuit 
of the differential single-end converter 142. The 
differential single-end converter 142 converts the 
differential signal of the voltage control oscillator 140 to 
a single-end signal. The differential single-end converter 
142 adds a buffer at the output stage to provide the 
prescaler 150 and the delay circuit 160 with a full 
amplitude oscillation signal. Another object of the 

differential single-end converter 142 is to isolate the 
output end of the voltage control oscillator 140 and avoid 
affecting the normal operation of the voltage control 

oscillator 140. 

FIG. 40 is a schematic diagram illustrating the circuit 
of the first programmable controller 170. The first 
programmable controller 170 comprises: a resistor serial 
having a plurality of resistors Rl to R17, coupled to the 
operating voltage Vddx, and generating the second voltage 
Vreg from the output end; a plurality of switches SI to S16 
coupled to the corresponding connection points of the 
plurality of resistors . and the output end of the first 
programmable controller; and a decoder 280 receiving the 
i f i rs t digital code to select the corresponding switch and 
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adjust the second voltage Vreg to meet the requirement of 
the oscillation frequency. The voltage regulation circuit 
180 receives the reference voltage Vref and generates the 
operating voltage Vddx, so that both the operating voltage 
Vddx and the second reference voltage Vreg are stable 
voltages without effects of the voltage source. The first 
programmable controller 170 can be used as a coarse-tuner in 
the digital adjustable chip oscillator. 

FIG. 41 is a graph illustrating the test results of the 
voltage control oscillator 140 when the digital code varies. 
As shown in FIG. 41, the conversion relationship of the 
oscillation frequency and the digital code is linear. The 
frequency shifts slightly among the voltage control 
oscillators 140 of different chips. The frequency shifts 
can be adjusted by the second programmable controller 172. 

FIG. 42 is a graph illustrating the test results of the 
voltage control oscillator 140 when the voltage source 
varies. As shown in FIG. 42, the voltage source affects the 
oscillation frequency to a very limited extent. 

FIG. 43 is a graph illustrating the frequency shift 
caused by the chip. As shown in FIG. 43, for different 
chips, the frequency shifts are no more than 10 percentages 
when the voltage source Vdd is 3 volts and 3.6 volts 
respectively . 

5 The test structures of the first and second embodiments 

are the same. In the test structure of the second 

embodiment, the chip oscillator with loop circuits 200 is 
integrated into the test structure in FIG. 9. The steps of 
testing and writing in the second embodiment are the same as 

0 those in the first embodiment. The programmable counter 60 
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in FIG. 9 outputs the digital code to the first programmable 
controller and the second programmable controller and thus 
adjusts the oscillation frequency to be the desired 
frequency. 

While the invention has been described by way of 
example and in terms of the preferred embodiments, it is to 
be understood that the invention is not limited to the 
disclosed embodiments. On the contrary, it is intended to 

cover various modifications and similar arrangements as 
would be apparent to those skilled in the art. Therefore, 

the scope of the appended claims should be accorded the 

broadest interpretation so as to encompass all such 

modifications and similar arrangements. 
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